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FAIRING COMPOSITIONS FOR AIRCRAFT SURFACES

By Philip S, Turner, Jewel Doran,
and Frank W, Reinhart

SUMMARY

Fairing conpositions are applied to aircraft surfaces,
welds and Jjunctions of met}al plates, and rivet depressions to
improve the aerodynamic efficlency of the airplane at high
speeds, A critical problem involved 1In thelr use is the main—-
tenance of satisfactory adhesion to the metal under the oz
tremes of temperature, weathering, and vidration encountered
in service, This report describes tests which were developed
to evaluate faliring compositions and presents the resulis of
measurements with experimental mixtures of various plastics,
fillers, and solvents, Important factors in odbtaining satis—
factory performance are Jow moisture absorptlion, a softening
temperature no hlgher than the temperature of application and
a coefficient of thermel exXpansion at low temperatures equal
to that of the metal,

A method 1s described for formulating fairing composi—
tions which have, within limits, desired coefficients of
thermal expansion, The necessary proportiong of fillers can
be computed with constants determined from measurements with
binery mixtures, Constants for commonly employed fillers
are pregented, "

Fairing compositions which adhered satisfactorily to
aluminum alloy when subjected to the accelerated service
tests were formulated with vinyl acetate resin, A proposed
composition consists of 20 parts vinyl acetate AYAF, &R
parts asbestine 3X, and 25 parts of zine dust dispersed in
a mixture of 2 parts ethyl ether and 1 part acetone to a
solvent content of 20 percent,

INTRODUCTION

Phis report presents the results of an investigation to
find a suitable plastic composition for filling depressions
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on metal eircraft, These depressions occur at rivets, welds,.
and junctions of metal plates, Unless these depressions are
properly filled, the merodynamic efficlency of the airplans
at high speeds is appreciadbly reduced, Materials for thisg
purpose have been called rivet and depression flllers, falr—
ing compositions, and aerodynamic smoothing compounds,

[P T T SR ala mae T A Ta
OF Phnig pPuIpose SsSivulu la

A gsatigfactory composition
the following characteristics:

+h

1, Adherence to the metal when wet and when dry

2, Adherence to the metal at all temperatures between
10 A (1200 Y and RO o {700 7Y
[ 3] W ANC =R 4 - g b w f ) LY [ - J

3, Adherence to the metal when the structure is subjecteod
to vibration

4,. Good weathering properties

b, As low a Aensity as po;sible

6, Nonhazardous in applicétion or in service
7, Basy application

8, Dry or sot gqulickly to & hard mass capable of beilng
ganded readily ’

9, Ingredients commercially avallable

The first four characteristlce are essential to satisz—
factory performance, & low density 1s desirable to keep the
total welght added to the airplane as low as possidble, The
remaining characteristics are glilefly concerned with prodlomg
involving production and application of the fairing composi-
tions, Since the satisfacbtory performance of aircraft is of,
primary importance, it was decided to find filling composi-
tions which would give satisfactory psrformance under simu-
lated service conditions and then to study the applicestion
characteristics of the most promising ones,

Between May 1939 and September 1941 outdoor exposurs
tests were made on plastic compositions for filling deproes—
sions on metal surfaces, The specimens of vinyl acetate resin
composit{ion were in excellent condition at the end of the
exposure tests, These tegts indicated that satisfactory faire
ing compositions based on plastic materials could be developed
to withstand ground conditions encountered in Washington, D, C.
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In a previous report (reference 1) an analysis of fae~
tors involved 1n maintenance of adhesion pof plastlic to metals
indicated that matching of thermal expansivities would im-
prove the resistance of the bond to thermal changes, Hence,
particular attention was given during the course of this
work to formulating fairing compositions which would have
thermal expansivities approximating those of aluminunm,

This investigation, conducted at the National Bureau

of Standards, was sponsored by and conducted with the
financial assistanae of the National Aiviggry Committee for

A 4 - e D v S U SRl &

Aeronautics,

MATERIALS

The plastlc materials used in this lnvestigation are
described in table 1, The fillers worked with during the
course of this investigation are described in tahle 2, Com-
mercial fairing compositions which were included in the 1ln-
vegtlgetion for comparative purposes are identified in
table 3,

Various plasticizers, selected on the basis of data
obtained during previous work on other projects, were used
in some of the compositions, The plastic materials, plasti-
cizers, and fillers were mixed with various solvents and
ground together in a ball mill to form experimental fairiang
compositiong, The experlmental compositions were formulated
on the basis of the principles indicated in this report, 4
purely empirical investigation would have involved several
times the number of compositions which were included in
this work,

TESTING PROCEDURES

Simulated Service Tests

To evaluate the performance characteristics of the fair-
lng compositions, accelerated service or aging tests were
devised and used, Thegse tests include (1) immersion in water,
(2) expogure to low temperature and room temperature in altzr-
nating cycles, (3) accelerated weathering, (4) vibration, =and
(5) a cyclic comblnation of heat, ultraviolet light, fog, and
low temperature, In general, compositions which were not sast-—
isfactory in one test were not subjected to subsequent tests,



NACA TN XNo, 958 4

The specimeng for these tests were prepared by applying
the filling compositions $0 indentations on 0,01l2-inch—-thick
aluninum~alloy sheet and allowing them to dry for at least
3 days, s

To estimate the effect of water on the adherence of the
fairing comnpositions $0 the metal, the specimens were Ilmamersed
in water by 28° ¢ (77° P) for 24 hours, removed, and examined,

To estimate the effect of low temperature, specimens
were placed on dry ice in an insulated box for 30 minutes,
removed, and allowed to stend at room temperature for 30
minutes, One cold and one warm exposure period censtituted
& cycle, which was repeated 30 times or until fallure occurred
as indicated iIn the tadbles,

To estimate the effaect of weathering, specimens were
subjected to the 240-hour sunlamp—-fog accelsrated weather—
Ing test described in method No, 8021 of Federal Specifica-
tion I~P—-408a entitled "Plastics, Organict General Specifica—
tions, Test Methods," .

To estimate the effect of vibration at low temperatures,
specimens were ¥ibrated in an ingulated box as cantilever
beams through an angle of 3° at 1800 oscillaticns per minute,
Dry ice was placed in a wire basket around the vidrating speci-
men for 1l hour and was removed for the next hour, A fan was
used to0 circulate the alr within the box during the celd part
of the cycle and air taken In from the :aurrounding room
during the warm part of the cyecle, The tempsrature fell to
—409 ¢ (=~40°F) within 20 minutes after the dry ice was placed
in the box and rose to 0° C (32° P) within 5 minutes after
the ice was removed, The minimum temperature obtained in
each cycle was approximately —65° C (-85° F) and the maxzinum
was approximately 25° C (77° F), The cycle of conditions was
repeated as many times as is indicatsd in the tables,

To estimate the combined effects of heat, ultraviolct
light, high humidity, and low temperature, specimens wers
subjected to the following oyclic tests

4
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Condition | Period of sxposurs Description
(hr) :
A 15 Ultraviolet 1light and heat

from an S—1 sunlamp; method
¥Ho, 6021 of Federal Specifi-
ecation I-P-406a; temperature
approximately 65° C (149° ¥),
Fog,

Approzimately —30° ¢ (-22° ¥),
See A above,

See B above,

Qo W P Q W
IR VI

See C above,
The periods of exposure to the various conditions were adjusted
so that the .specimens were exposed to condition A for a total
of 200 hours, to0 condition B for 40 hours, and to condition ©
for 20 hours,

It was found that some compositions which were satisfac—
tory at =309 ¢ (=22° F) were not satigfactory at lower tempera-—
tures, OConsequently, in'the latter part of the work, instead
of placing the gpecimens in an atmosphere maln¥eined at approx—
imately -30° ¢ (~22° F) for condition C, thay were placed di-
rectly on a plesce of dry ice in an insulated box,

Water Absorption

The water absorption of the plastic materials was de—
termined by method No, 7031 of Federal Specification I-P-40C6a,

Thermal Expansion and Softening Temperature

The specimens used in these tests were molded bars approx-
imately 7,5 by 0,5 by 0,2 inch, The length was measured t0 the
nearest 0,01 inch, The spec¢imens were conditioned at 256° ¢
(77° ¥) and 50 percent relative humidity prior to testing,

The mean coefficient of linear thermal expansion was
measured with the equipment shown schematically in figurc 1,
The measurements were made by starting st a low temperature,
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about =75° ¢ (-105° F), and ralsing the temperature approx-
imately 1° C per minute, The rate of increase in tempera—
ture was controlled by regulating the heat output of the
electric heating coils with an external rheostat, The tem
perature of the specimen under test was measured with a
thermocouple and a potentiometer, The measurements were
made by setting the potentiometer for regular temperaturec
intervals and recording the oxtension when no deflection

of the galvanometer pointer was produced by opening and
closing the potentiometer circuit, By plotting the exton~
sion in length against tempsrature, a curve was obtained fron
which the mean coefficient of linear thermal expansion was
determined, A correction factor of 0,3 X 10-8/00C for the
range —=50° to 0° C was added for the expansion of the fused
guartz tubesg, The method of measurement is essentially that
descrlbed in Natlional Bureau of Standards Research Paper

RP 29, It ig possible to ocbtaln an accuracy of better than
2 percent wlth this type of equipment, '

The expansivity determined from a cooling curve 1is
essentially the same as that determined from a heating curve,
1f the temperature of the specimen remains below its softening
temperature, At temperatures slightly below the softening
temperature of the material, dimensional changes will occur
which reflect the prior mechanical and therzal history of
the specimen, A gimilar phenomenon has been observed in
measurements of the expansivity of vitreous enemsls at much
‘higher temperatures (reference 2), This difficulty is not
encountered in the case of vinyl acetatc resin becasuses 1ts
softening temperature (or annealing temperature) is very clecse
to ordinary room temperatures, Because of the nature of the
mechanicel neasuring system ths value obtained fron the hepi-
ing curve ig congldered t¢ be the more reliable, The rTate of
heating also 1s easier to control than the rate of cooling,

The coefflcient of thermal expansion of a material is
not the same for all temperature ranges; it generally in-
creases with an lIncrease in teuperature, For practical pur—
poses, the coefficlent of thermal expansion nay be assumed %o
be a congtant below the softening range, The validity of this
procedure 1g indicated by the curves in figure 2,

The softening range is lndicated by a change in tha slope
of the expanslon-temperature curve followed by a decrease in
length of the specimen, The lower 1limit of the softening
temperature range thus defined indicates the beglaning of
appreciable plastic flow under the influence of the nominal
stress lmposed by the measuring system, The upper limit
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indicates the temperabture at which the rate of plastic flow
exceeds the expansion, These softenlng tempsrature ranges
are in good agreement wlth the values obtained in this labd-
oratory by another method end with recent data reported in
the literature (reference 3) for unfilled plastics, The
results do not always agree with softening temperature or
heat distortion points determined by other methods,

RESULTS OF TESTS

Water—Inmersion Tests-

The results of the water—immersion tests are given in
table 4, Pypical water absorpition data for the various
plastics are given in tadble 5, It is obaserved that the conw
positionsg which adhered initially and during the water lm-
mersion contained cellulose nitrate, vinyl acetate resin,
methyl methacrylate resin, styrene resin, and thermoplastic
phenolic resin, The cellulose nitrate compositions which
were gatisfactory contained 20 percent glycocl sebacate or
20 percent methyl phthalyl ethyl glycolate with solvent
No, 3., The adhesion of the vinyl acetate compositions was
uniformly good, The begt adheslon of styrene was obitained
when applied with heat, although the material crazed on
c0oling, The thermoplastic phenolic resin was porous and
weak initially, The behavior of methyl methacrylate resin
wag erratic,

Hone of the cellulose acetats, cellulose acetate
propionate, celluloses acetate butyrate, thermosetting
phenol-formaldehyde, urea—formaldehyde, or melamine-
formaldehyde compositions had satisfactory adhesion, The
failure of the celluloss derivatives in the water—~immersion
tests appears to be caused by the large dimensional changes
resulting from the absorption of water, The extent of di-
menslonal changes has been shown t0 correlate wsll with the
hygroscopicity of the plastic (reference 4), The urea—
formaldehyde and melamine-formaldchyds plastics separated
from ths metal in the process of curing before the water—
immersion tests were started,

Thermal Expansion and Softening Temperature

The coefficients of thermal expansion and softening
temperature ranges of some of the plastic materials which
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were subjected to the water—immersion tests were determined
and are reported in table 86,

The effect o0f several flllers in reducing the expansivity
of vinyl ecetate compositions is shown dy the data in table 7,
The most efficlient of these flllers for reducing the coeffi-
clent of thermal expansion of vinyl acetate resin are the
asbestines, It should be noted also that the various types
and amounts of filler affect the softening temperature range
to different extents, '

Temperature—Cycle Tests

On the basis of these data on the coefficients of thermal
expansion of various plastics and fillers, compositlions wera
formulated and applled to aluminum sheet, The specimens were
subjected to alternate exposure to room temperature and low
temperature, The results obtained with the vinyl acetate
resin compositiong are given in table 8, those obtamained with
the styrene compositions are given in table 9, and those cb-
teined wlth the cellulose nitrate compositions ere given in
table 10, Two types of failure were observed, The failure
of thick coatings usually began by the plastic separating
from the metal at the edges of the coating, The failure of
thin coatings usually began with a crack in the plastie,

Only thin coatings of unfilled plastics withstood more than
1l cycle of freezing and thewing, Cellulose nitrate plasti~
cized with 20 percent methyl phthalyl ethyl glycolate
(santicizer M~17) withstood 30 ecycles of freezing ani thaw-—
ing when the fllm was less than 13 mile thick; thicker coat—
ings separated from the metal after a few cycles,

The results in these tables indicate that as the therral
expansgivity 1s made to approach that of the metal by the addi-
tion of fillers, the resistance to exposure at low tempera—
ture is ilmproved., The results for specimens 11, 12, 13, 1%,
and 18 in table 8 appear to be exceptions, dut it shounld be
noted that the filler settled during the drying period which
resulted in a higher concentration of filler in the plastic
layer adjacent to the aluminum, These coatings also were
thinner than most of the applications of other materials,

The high filler concentration lawers the coefficient of ther-
mal expanslon of that part of the plastic, The expansivities
glven in the tables are for uniformly mixed compositions, The
agreement between the behavior in the freezing—thawing test
and the behavior expected on the basls of expansivity also
is good for the styrene and cellulose nitrate compositions,
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The compositions which gave satisfactory results in the
freezing—~thawing test were subjected to the sunlamp—fog cyclic
accelerated weathering test, The results are given in table 11,
None of the styrene or cellulase nitrate compositions was sat—
isfactory, Most of the vinyl scetate resin compositions were
gsatisgfactory in this test,

The compositions which were satisfactory in the previous
tests were subjected to (1) the vibration test and (2) the
combined heat—ultravioclet light — high humidity - low temper—
ature test, Three commercial materials and several additional
experimental compositions were also subjected to .these tesis.
The results are given in tables 12, 13, snd 14, The results
of these two tests did not dlffer significanily from those
of previous tests, '

Densgity

The results of density measurements made on dried speci-
mens o0f several experimental and commercial products are given
in table 15,

DISCUSSION OF RESULTS

The typilcal fallure of the £illing compositlons encoun—
tered in the gsimulated service tests was separation of tne
bond between the metal and the plastic, The stresses causing
the bond to break arose, 1ln most cases, from the diffesrence
between the 'dimensional change of the plastic composition
and that of the metal when the specimens were subjecta=d to
the various tests,

Causes '0f Separation of Falring Compositions from Metal

There are three principal factors which cause dimensional
changes teanding to separate thes plastic from the metal, They
are as follows?

(1) Shrinkage of the plastic composition by volatilization
of plasticizers or of retained solvent, or by fur-
thee polymerization, All these may bs classed
under the single heading Shrinkage on Aging,

(2) Swelling and shrinkage of the plastic caused by the
absorption and desorption of moisturs
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(3) Expansion and contraction resulting from changes in
temperature

Adhesion failures frequently result from the shrinkage
caused by loss of solvent (reference 5). This usually
occurs during the drying stage. The shrinkage usually can
be controlled by & choice of solvents. Diluents should be
avoided since they tend in many cases to cause excessive
shrinkagzes (See references € and 7.) The addition of soze
slowly sevaporating solvent which lowers the yield point so
that plastic flow will take place in the plane of the film
during drying should be included in the solvent formulation,
This also provides a longer tims for the plastic flow to
take places Slowly evaporating solvents do not seem to be
needed with materiels which have low softoning temperature
ranges, such as vinyl acetato resin. Application of thick
pastes containing e minimum amount of solvent also reduces
the shrinkagoc, h

The shrinkage caused by loss of plasticizer is not im—
mediately apparent in service since the rate of loss usually
is very slow., Plasticizers cause the plastic to flow more
readily by reducing the elastic yisld point and by lowering
the softening temperature ranges As the plasticizer is lost
during aging, the elastic yiold point at room tempeorature,
and the softoning temperature range will rise and may rsach
the point at which the plastic may have no appreciably floy
at ordinary temperatures, This is shown by the succossive
ineroases in the softening temperature range of cellulosc
nitrate compositlons containing 15 percent mothyl phthalyl
oebhyl glycolote heated for different lengths of time at
500 ¢ (table 6)s Vinyl acetate rosin has & distinet advon—
tage over some other plasties 1in that 1ts softening temper-
ature range without plasticizer is low cnough to permit
plastic flow under the Influence of smnll gtreasses at room
temperature,

Dimensional change resulting from a change in moisture
content is an inherent property of a plastic material ond
is roughly proportional 4o the amount of. moigture absorbed
or desorbeds Fillers which absord very little moisturo
tend to reduce the amount of moigture absorbed by theplastic
composition, Therefore, when dimensional stability is de—
sired, the use of nminecral fillers is indicated.,

Dimensional changes resulting from differences in coef—
ficlents of thermal expansion may be responsible for the
fallures of the bonds at temperaturss below the softening
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temperature range of the plastic composition (reference 8).
If it is assumed that the deformation of the metal is negli-
&ible, the tensile stress in the film can be ostimated fron
the coefficients of thermal expansion of the plastic and of
the motal and the modulus of elasticity of the plastic, AL
tenperatures bolow the softening temperature range, the
plastic flow is slow, and as the temperature decreases the
vield point increases, Assuning that (1) the change of ton—
perature occurs &t such & rate that the plastic flow 1s nog—
ligible or (2) the stresses produced arc below the clastic
linit of the vwldaetic, tho unidirectional tonsile stress in
the filn nay be estimeted fron tho following equation:

Tensile stress = (Ap — A&y) (T, — T3)E, (1)
where
A coefficient of thermal expansion
E mnodulus of elasticity
T 4enperature

Subscripts a and b refer to plastic and netal, respoc—
tively, and 1 and =2 refor %o different tenpsratures,.

This equation is valid only at tenperatures below the sof-
tening tenperature range since tho plastic flow will be ap-—
preciable under small stresses above this btenperature range.,
Plastlic flow of the naterial will rellove some of the stress,
It also should be noted that this equation gives only that
part of the tensile stress on the £iln resulting from the
change of tenperaturs from T, to T3, Appreciable stresses
nay arise on golng from the softening tonperature to T,

and fron dinensional changes resulting fron drying, aging,

or variations in noisture contonts The sheoaring force ot

the bond can be estimated by nultiplying the stress by tho
thickness and the width of the plastic filn,

The force requirdd.to malntain the length of a filn
attached t0 the metal would be greater than that calculated
fron equation (1) because of the lateral constraint, These
tensile forces nust be puztained in shear by the bond be-—
twoen the metal and the filn,
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Control of Stresses Resulting from Thermal Changes

The stresses arising from a change in temperaturse
(equation (1)) of a plastic-metal combination may be reduced
(1) by making the coefficient of thermal expansion of the
Plastic composition as nearly equal to that of the metal as
poseible, (2) by reducing the modunlus of elasticity of ‘the
plastic composition, (3) by lowering the softening tempora—
ture range of the plastic. The shoaring forces can be Te-—
duced by the use of thin plastic fiims, OControl of fllim
thickness is not practicable for this application, )

The cooefficlent of thermal expansion of a plastic com—
posltidn is determined by (1) tho plastic, (2) the filleres,
and (3) the plasticizers. Since thesc factors also control
the modulus of elasticity and the softening bemperaturs
range, any change 1in formulation to obtain a change in one
of ‘these properties will result in changing the other two -
properticese The addition of f£illeors to plestics wsuelly ro-
ducos the coofficient of thormal oxpansion, The data pro-—
sented in tablo 6 show that the magnitude of the offect is
different for each epecific flller as well as belng dcpend—
ent on the amount of filler:. The variatlon of expansivity
of mixtures of vinyl acetate resin and ealuminum powder is
shown grapihlcally in flgure 3, The points for curve 4 are
the welghted averages on & volume basls; the points on
curve B are the woelghted averages on a welght basisi curve
C represents the experimontal resulte,s These curves shovw
that the coefficient of thermal sxpansion of a plastic con—
positlion is not usually the avorage calculated from the
exponsivities of the individual constitdionts in the compodi-
tlon and the portion of each in the mixtures Tha coeffi-
clents of thernal expansion of vianyl acetate resin mixed
with' zine yellow, bronze powder, gquartz, and asbestino,
respectively, are shown graphically in figure 4, Figure b
shows tho expansivity of mixtures of polystyrons and asbes~—
tine,

The following equation has been found o0 represent the
experinental curves in figures &, 4, and 5%

GI'PI‘ + CfPf T

where

A coefficient of t hermal expansion
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C a constant

P oproportion by weight
Subscripts:

m wmixture

r resin or plastic

f filler

This equation is of the same form as that given in a previ-
ous report (reference 1)« The constant © appears to be
proportiodal to the bulk modulus of elagticity divided by
the density., The proportionality factor is also depecndent
on the shape and size of the particles and on the distribu-
tion of the materisl in the matrix. It was zssumed that

- the constant € for each specific filler and ocach plastic
was independent of the other components of & mixture if tho
ingredients are eveonly digtributed.

Constants determined by the use of equation (2) for
binary nixtures are given in columns 5 and 6 of table 16,
The ratio of the derived constant ¢ %o the bulk modulus
of elasticity divided by the density for the varlous fillers
ise shown in column 7 of table 16, The fillers with the
higher ratios reduce the coefficients more in proportion to
thelr potontial capacity than thoso. with lower ratios when tho
various fillers are used in equal amnounts and arc uwniforaly
digtributeds The ratio appears to depend on t he shape and
size of T he particles.

‘Many of the plastic~filler mixtures investigated for
uge in filling rivet depressions were formulated from the
constants in table 16 and calculations made with equation (2).
In most instancesthe calculated values were wvery near the
measured values. These results are presented in table 17.

The spocimens used to make the measurements of coeffi-~
clent of thermanl expansion contained none ¢r very little
solvents The compositions as applied will contain at first
8 large awmount of solvent, which will result in a highor
coefficiont of expansion., (See table 8, specimens 30 to
%3.) This solvent content will decrease rapidly on nging,
thus bringing the coefficient close to the limiting valuoe
The retained solvents also cause a decrease in the soften—
ing tomperature range and undoudbtedly in the modulus of
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olasticity, This will result in reducing the stresses;
while the coefficient of "thernmal expanslon of the plastic
is highexr than that of the metal,

4 low modulus of elasticity is particularly important
when resistance to vidration and impaet is reguired.
While the incorporatlon of fillers increasses the nmodulus
of elasticity at roonm temperature, the modulus of the
f1lled plastic romains fairly constant to very low temper-
atures; whereas the nodulus of an unfilled plastic 1la—
cgeases rapidly with & decrease in tenperature (roference
8l,

METEODS OF APPLICATION

Two nethods of application were considered: (1) the
hot -nelt method, and (2) the solvent method. Vinyl acotate
resin conpositions were used in nost of this workes

Vinyl acetate resin compositions can bo readily ap-
plied by spreadling with a spatula when the metal and the
plastic are heated to 1209 to0 1500 ¢, Other plastic con-—
positions also can be applied by this nethod, although sone
compositions may rcquire heat and pressure. One advantage
of this nothod is the very short setting tine regquired be—
fore the naterial cen be sanded satisfactorily., Two dig—
_sdvantages are: (1) it has been roported that the corrdsion

‘resistance of aluninum alloys is decreased by heating at
these tenperatures, and (2) it is not practicadble to hoat
large netal structures and pisces for this purposc,

Attonpts were nade to apply the hot plastic conposi—~
tiong to cold metal, but the resuldts wors not satisfactory.
The conposition cools so rapidly when it comes into contaet
with the cold netal that the bond is droken as soon as it
ig forned, even though the conposition ig capable of consid—
erable plastlc flow above room teunperaturs. The rate of
plagtic flow is not high enough tonconpensate for the ther—
nal contracition.

The usual nethod of applying falring conpositions isg
with solventse Since the hot—melt nethod 4id not appear to
be practicable at the present tine, the solvent method was
investigated, Acetone and mixtures of acetone and e3her
were found to make the fastest drying vinyl acetate resin
conpositionse These solvents do not adversely affect the
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performance characteristies as shown by the various tests,.
Sufficlient solvent is used t0 make a thick paste which can
be readlly applied with a spatula. The vinyl acebtate resin
compositions may be applied by a spray gun if the mixbture
is thinned sufficiently with solvent. Tho thinner for
sprayling should contain some slowly evaporating solvent,
such as Cellosolve., Pastes made with methyl acetate woro
found to dry almost as rapidly ae those made with acetonas.
The addition of 5 to 10 percent of Cellosolve serves to
keep the paste from drying %too raplidly after removal from
the container or in the’ open can pending application. The
addition of Cellosgolve zlso improves thse working gqualitics
of the paste, but lengthons the drying time. To spced dry—
ing, it was found advantageous to subject the plastic coum—
positions to radiation from infrared lamps after some eir-—
dryinge The effects -of various solvonts used with vinyl
acetate rosin compositions are shown in tadle 14,

In attonpting to shorten the drying time required, beofore
sanding, it was observed that increasing the percentage of
fiilers, parfticularly asbestine, wes very effective. The
highly filled material can be sanded while the resin still
contains a consideradble amount of solvent. This offect was
utilized in preparing compositions to meot drying time ro—
gquirenents specified by aircraft manufacturers. The highor
flller content ralses the softening temperature and makos
the material less flexible.

SERVICE TESTS

Compositions made of 40 parts of vinyl acetate resin
(Vinylite AYAF), 55 parts of asbestine 3X or 5X, and 5 parss
of aluminum powder were selected initlally for service
tests. Sufficient acetone was added to make a thick pasto.
These composlitions which wero found o have an cexpansiviity
of approxinately 28 x 10-%/9¢ (eluminum has an expansivity
of approximately 22 X 10~%/96) withetood 30 warm—cold cycles
without failure and also withstood succossfully the other
simulated service tests., Sampleos of these compositions
were submitted to the Chance-Vought Division of United Air—~
craft Corporation, to the Waval Air Experimental Station ot
Philadelphia, Pa., and %0 the U.8. Naval Alr Station at
Yorfolk, Vae, for eveluation. The Chance-Vought Division
reported that the composition dried too slowly and had a
tendency to skin in thick sections mnd that the application
and worklng properties were not goods Tha Norfolk Alr Sta-
tion reported that the conposition dried too fast in tho
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can on handling and tooc slowly in thick sections and thot
the conposition was difficult to handle,

Those results indicated that faster drying time and bet—
ter working properties were nocessgarys. One of tho nost
offective noethods of producing faster drying nixtures and
of Inproving working properties is by increasing the filler
content.s Since the mixture of 40 parts of vinyl acetate
resin aend 55 parts of asbestine gives a composition which
hos an expansivity ncearly eguel to that of alumninun, the
additiorn of aluninum does not affect it very nuch.s Comlpo—
sitions therofore were investigated in which the proportion
of aluninun powder was incrcased, 3Because of the forn of
the aluninun powder (flat plates) the adhesion to the metal
base was reduced and the drying tine was increased slightly.

An increase in the proportion of asbestine dcerocases
the drying time but also decrsases the expansivity. Consc—
quently, 8 mixture of 20 parts of vinyl acetate resin and
56 parts of asbestine, which gives & composition with an
expansivity less than that of aluminum, was compounded with
25 parts of zinc dust, which raised the coefficient of ther—
mal expansion %o 22 x 10-%/°C. The not result of this
change was %o increase the filler content from 60 to 80
percent by weight. The wet fairing composition consisted
of 80 porcent solids and 20 percent solvent, which was a
mlxture of 2 parts esthyl ether and 1 part acetone, Aluminum
strips coated with this composition dried as rapidly as tho
Acme glagzing putty (the fastest drying commercial product
tested) and passed the 260-hour accelerated service toet:
strips coatod with the Acmo product will not pass tho
accelerated service test.

Tho sanple of Opex glaging putty listed in table 3 was
received for test after the completion of this experimental
work, This pubtty successfully withstood 30 altsrnats
cyeles of exposure to dry ice and room temperature and the
240-hour accelerated weathering tost. The putty has a high
coefficient of thermal expansicn, 54 X 107%/°C for the ton-
peraturc range =509 4o ~59 ¢, but a low softening tempera—
ture range, =5° to 5° ¢, It is rigid at -189 C (0°F).

By application of the tests and principles deseribed
in this report it may be possidle toc dovelop other fairing
compositlions as satisfactory as or superior to those result—
ing fron this investigatlion, A1l the plastics were not
Investigated thoroughly because of lsek of time, When this
work was started, nany of the synthebtic rubberes, which
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appear to have some of the propertles necessary for this
application, were not available,

CONCLUDING REMARKS

On the basis of the present investigation the follow-—
ing concluding remarks regarding fairing compositions for
aireraft surfaces are made:!

The essential characteristics of a satisfactory rivet
filler for aluninum alley are as follows: .

{1} Low moigsture absorption

(2) A softening temperature range approximately the
gane &s or lower than the temperature provail-
ing during the drying period

(2) A coefficient of thoermal expansion at low tempera—
ture approximately egual to that of zluminun
end aluninun alloys, 19 to 23 X 107 per degros
centigrade .

(4) Excellent resistance t0o aging; the essential
properties should not change appreciably on
aging

(5) Satisfactory application properties

Tho gsoftening temperature range of a plastic is re-
due and tho thermal expansivity is increascd by the
presence of plasticizers or retalined solvents.

The softoning tenperature rangoe of a plastic is in-
creasod and the thernal expansivity 1s reduced by the in-—
corporation of fillers, The proportion of filler required
to give o particular coefficignt of thermal exponsion can
be computed with constants deternined fron neasurcnents
nads on binary nixtures, by means of tho following equa-
tion:

A.CP"‘AcfPquo.

Crr'!'CfPf-!'.oc

Ap =

where A 1g %the éoefficient of thermal expansion, € is 2
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constant, P is the proportion by weight, and the subscripts
m, v, and f refer to mixture, resin, and filler, respec—
tivelye PFilllers with particles which are acicular or in the
form of small flat plates are the most sffective in reducing
thermal expansivity. BSpherical particles have the least
cffect,

Filled vinyl acetate resin compositions have been
formulated which adhere to aluminum alloy when subjeected %o
a gerics of drastic accolerated service tests, including
vibration at temperatures alternating betwoon —65° ¢ (~8§5° F)
and 25¢ ¢ (77° F). Comnmercial fairing compositions which
wore tested separated from the metal whon subjected $o these
condltions, ZExanples of two such vinyl acetate corpositions
are (1) vinyl acotate rosin AYA¥, 40 percont; asbestine 5X,
55 percent; and powdered aluminum, 5 porcent; and (2) vinyl
acetate resin AYAF, 20 percoant: asbestine 3%, 65 percent:
and zinec dust, 25 percent,

¥otional Burocau of Standards,
Washington, D. C., July 1944,
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TABLE 1.

DEBCATPTIOR OF PLASTIC FATERIALS USED IN THE INVRSTIGATION OF FAIRING COMPOBITIONS.

otherylss,notad) ¢

Seaple
Doslg.
t Mataripl Mann? poturer Ramufnoturez s Dgslgmation Vircosity” Deeorintion
[+ 2h 3 oallulome nitrate B. :nddgbl’ont de Nemours | PX 7551 1/2 seccnd
-2 osllulose nitrate R. fmdctu Pont ds Wamours | PX 7100 9 paconds Witrogen 11l.4M%
-3 ool luloas nitrate E. im m& Pont ds Nemours | PX 7142 & peconda
4} onsllulose gnatata Tennasses Enstman Corp. B-309 25-3F aesoonds aoatyl Ro-ha. 75 E.EQ-é.Eli aqulvalenta
hydroxyl 0,50-0.431 oquivalento
CaAP osllulose agotate ,Eavtann Kodak Oc, Enstuan 101543 GPT centipoises | acetyl lg%g 1.17% squivalents
ta 1 . v t
ppiane i CE v B 2
CAB oallulote momtats Eastnpn Xodek Co. Esstaan 101939 300 oantipoimen | acetyl 32.0% 2.% equivalents
butyrats butyryl 15.44 0. oqui valante
hydroxyl ~—n— 0.09% aquivalanta
Vil vinyl sostate rosin Carbide and Garbon AYAL 27.5% solids ?
Ohemlanls Oorn.
Va2 vinyl sostats rasin Oarbids and Garbon AYAP £1.0% solids
Chemlonls Oorp.
i) vinyl mostate resin Onrbide and Oaxbon AYAY 13.0% molide
Chexicals Corp.
] polystyrene Monaento Chemioal Oo. Lustron
-1, mathyl mothmorylate Bobe and Hees Co.and E.I. onst polymerired sheet.
resin au Pont de Nemours and Jo.
] mmlilethac:rylu.te | 8 :ﬂdm Font de Nemours | No. 2%171 cast polynericsd shest,
roain f
-3 mothyl metheoiylats Amoriosn Bolvents Oorp. ocompression wolded from mixturs of
ramin monomer anl polymer.
" toermoplastio nnanolia | Duves Plastios and 5116 Durex Adhaeive
resin Ohemionls, Ino.
Pr.1 phonol-forualdshyds Bakelits Oorporation Bekelite X0 1189 curad with N5% oatalyst XX 11753
rosln
Pr-2 phanol-forsaldshyds The Besinous Produsts Jmberlite PR-1% unfilled xesin molded at NDB
remin end Ohemiocal Oo.
o urea~formeldahyds Tha Rasinows Produots B 550, oold st -j onf'illed reain wolded at XBS
rosin and Chemiosl Co.
ur molanins~formaldshyds Inarionn Oyanmmid Oo. Mslaad Resin, oold set B-11P mfilled rasin solded at NS
rasin .
a. Ths visccsity voluan were obtainad in tho mannfaoturers' laboratories by the followlng varlety of mathods (in parts by weight unleas

Osllvlosn nitrako soxies ON-1,-2,~31 A.8.7.M. falling ball mathod, uaing 20% solution in soetons (A.5.7.U. Btwndsrds, Fart IT, 19%2).
Oollulons mostats CA: A.B.T.M. £alling ball method.

Cellulose aoetats propionats JAPT
Collulows aoatate butyrste CAF:

AB.7.M. falling ball method,
ALS.0.M. falling ball wathod,

ﬂ.n%.l sootate meries VA-1,-2,-71 Farcentage sollids required %0 glve & visoasity of 110 * 10 csnvipoises as 20P0 in methy) iss:utyl

tone.

B R £ 1 o

~ng

ce
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TABLL 2. DESORIPTION OF FILIXRS USED IN THE INKVESTIGATION OF FAIRING COMPOSITIONS.
Manufacturer's
_Materig) _Mepufacturey LDeslguation Demoription

luminun, powdersd

eluminum, filings

jiluminum oxide, fused
jbronce, powdered
ocszbon

chins olay

ferric oxide
glass, fiders
glass, powdered
| glass, powdered
Eypaum

iron, powdered
iron, powdered
lead oxide, red
leed, white

magnesium silicate (minexsl;

magnesium silicatm (mineral)

ragnesium silioate (mineral)

magnesium silicete (minersl)

Portland cement
quarts, fused, powdsred
sllioa, powdered
silicon cazbide
silicon cerbide
silicon ocarbids
titanium dioxide
sino dust A
zino dust B -
zino dust O
tinc oxtds

sinc oxide

sinc yellow

Aome Bronze Powdsr Go.

Basr Brothers
Columbian Carbon Co.
J. Les Bmith and Co.

O. K. Willlams
Owens-Illinois Glass Co.

Chas. Hardy, Inoc.

Advance Solvents and Chemioal Corp.
John T. Lewls Bros. and Co.
Eagle-Pichexr Lagd Oo.
Interngtional Pulp Co.

Interastionai Pulp Jo.
Interpational Pulp Co.

International Pulp Co.

The QJerborundum Co.

The Oarborundum Oo.

The Qarborundue 0o.

The Garborundum Oo.

Titanium Pigment Coxp.
Mellinckrodt Qhemiosl Works
Amerloan Smelting and Refining Qo.
J. T, Baker Chemicel Co.

¥ow Jersey Zino Co.

Xew Jexrsey Zino 0b.

Xrebs Pigment and Coler Oorp.

Ted. Spec. TMM-A-476
Amend. 3, Type Y

gold No. 661
Mioronex

indisn red
tulk textile silk

Asbestinn PT
Asbestinu 5%
Asvestinue 3X

Asbestin: 0G

fused quiartz

rr
Titarox 4

X-601

140 mash end finer 434
100-140 mesh .
70-100 mesh

spprox. 454 810,
kot a1 3
184 loss“on ignitien
1% aiscellansous

approx. 98% To 0y

bottle glass, gzound in ball mill 16 hours
ground Pyzex glass, 1H0 mesh max.
CaB0y.1/2 Hp0

200 xesh

*manufactured by ircn cgrbonyl process
Fos%

basic lezd carbonate

385 mesh residus O0.5%
oll absorption

325 mesh residus O.
oll sbsorption  25.

325 mesh vesidus 1.&

oll absorption 20.

325 wesh residus 2.
oil sbsarpsion 1l2.

300 mesh

60 mesh

220 mesh; random particle sige
T¥; very fine

anatese

acioular type
round tyne

J467-D

tao.xm.uc:or 3Hy0




TABLE 3.~ COMMERCIAL FAIRING COMPOSITIONS TESTED

¥aterial

Hanufacturer

Acme Glazing Putty

Bostik Cement Ho. M 356

Tuf-0n ¥o. 12, Spot Filler
Tyuf-On No. 15, Streamline Filler

Vaelontines Nitro-Valgpar

Opex Glazing Putty

Acme White Lead and Color Co.
B. B. Chemica:'!. Co.

Wipe-On Carporatlon

¥ipe-On Corporation
Valentine amd Co.

Sherwin-W4lliams Co.

*OR NI VOVH

886

ce
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TABLE 4. RESULTS OF WATER IVMERSION TESTS ON PLASTIC OOMFOBITIONS.
. Indhnion aftor 2L hr.
Oowzosition o 1-""'“'53“ watexr 1t
Designation Plestic Xeight lastioizer® or Filler — Weight Solvent” — Welght L 25°¢
-3 g- [3
1 cellulose nitrate CH-2 EO TEP -4 ¥o. 1 100 falled
F cellulose nitrate ON-2 6 G8 L Xo. £ 20 failed
a cellulase nitrate OH-2 16 84-17 |3 Xo. 2 %0 failed
cellulose nitrate ON-2 1€ TPP L Xo. 2 &0 failed
g oelluloge nitrate ON-2 16 a8 14 ¥o. 3 0 Fod
) comporition § with zinc erratic - blusbing
chromate primer undergoat
; cellulome nitrate CN-2 16 BX-17 3 Yo. 3 &0 good
composition 7 with zino
chromate primer underccat srratic - blushing
< cellulose nitrate OK-2 16 TPP i Ho. 3 20 failed
10 csllulose scetaka 16 TCP b ¥o. 4 g0, falled
11 cellulose acetate 16 8X-17 1S No. & £ failed
12 cellulose acetate 16 TOP 13 Xo. § %0 failed
13 oellulose moetate 16 BK-17 4 Ro. 5 0 failed
b1 oellulose acetate propionate 16 3GH -1 Yo. & %0 failed
%2 osllulose acetate propionate 15 TBO .8 Ho. 6 .80 failed
cellulose scetate propionats 16 BM-17 13 Xo. 6 0 failed
17 csllulose acetate proplonats 16 GH 13 ¥o. 7 -t falled
1% ocellulose acetate propionste 16 13 ¥o. 7 %0 falled
19 cellulose acetate propilonats 16 BK-17 4 ¥o. 7 ] folled
20 cellulose acetate Tropionate 16 365 'S Ho. & &0 felled
21 celluloss scetate Lutyrate 20 IPP i Ho. 9 100 failed
22 cellulcse sostate butyrate 16 ;gg Ho. & 20 falled
2 oellulose acetate butyrate 16 L No. 6 ] falled
2 cellulose acetate butyrate 16 8U-17 & No. € %0 falled
2? celluloss scetste butyrate 16 GH 4 Xo. 6 % failed
2i cellulose acetate butyrate 16 13 ¥o. & & failed
27 cellulose asetats butyrate 16 8)-17 '3 No. 8 80 falled
o8 ¥inyl moetate VA-2 1 Al powder 6 ¥o. 10 25 goed
29 vinyl acetate VA-2 74.6 Al oxide zg.lb Xo. -— god
Al powder
30 vinyl acetate Vi-~2 with zlnec Fo. 11 —-— good
chromate primer undercoat
L vinyl acetate VA-2 ko Fo. 12 -— good
2 vinyl acetate Vi-2 4o Yo. 1 -— good
3% vinyl acetate VA-€ 2] Xo. 1 gg good
vinyl acetate Vi-2 ko Xo. 15 good
35 styrens wlith zino chromate Ho. 16 -— questionable
undsrzcooet
36 styTene 95 DEP 5 Xo. 16 -- Zailed
37 styrene 95 DEP 5 Applied with heat good
38 methyl methacrylate M~1 Xo. 1& — exrratio
ag 4 wmethyl methacrylate MM-1 Xo. 1 - ol
usthyl methacrylate MM-1 with sinec ¥o. 11 - questionable-— blushing
s chrorste primer undsrcoat
158 methyl methaorylate -1 with zino No. 17 == questionadble - blushing
chromate primer undercoat
k2 phenol-formaldenyds, thermopiastio ?od
i3 phenol-formaldehyds, thermoestting, Hicronex 20 alled
oured cold with cstalyst '
i u.ru;ﬁm:.ldahyde, oured cold with separated befors test
catalys
45 neluning-formaldehyds, oured cold separated before test
with gstalyat
a. Identification of plastiolzers:
TPF - triphenyl phosphate 30H ~ triethylene glycol di-2-ethylbutyrate
a8 - glycol sebacate TBO - tributyl citrate
8K-17 ~ santicizer M-17 DEP - dibutyl phihslate
TCP - tri-o-cresyl phosphate
b. TIdentification of solvent mixtures (parts by weight):
No. 1. methyl ethyl ketone 25, ethyl scetate 57, dimcetcne aloskol 10, Ho. 10. ethyl acetate 19, butyl acetata 6.
butyl scetats 15. No. 1ll. amcetons
No. 2. aocstors 8, ethyl soetate 16, toluene 40, diacetons alochol 16. ¥o. 12. butyl acetate 1&.lk, ethyl scetate 45.6.
in. E acetone iQ, methyl othyl ketone 32, diacetons alcchol &, ¥o. 13. butyl acetate 15, methyl ethyl ketore ¥5.
No. §. ncetone 32, methyl ethyl ketone 20, ethyl acetsate 20, othyl lsotate &. No. 1%. mniiropropane.
No. 2 acetons 32, methyl ethyl ketone 20, ethyl scetate 20 d.éuoetonn aloctol &, No. 15. mnitropropane M, butyl scetate 12.
do. 6. ecetone 38, methyl ethyl ketones 32, diamcetone alcohai i6. ¥o. 16. butyl acetate.
No. 7. acatons 32, methyl ethyl ketone 32, ethyl laotate 16. Ro. 17 scstone 50, nitropropans 50.
Yo. 6. diacetoae zlcohol &, nitropropane 72.
%o. 9. mesthyl ethyl ketone 75, discetone aloohol 15, Callosolve 10.




TABLE 5.~ MOISTURE ABSORPTION OF VARIOUS FLASTICS

*ON NI VOVR

Plastic Bg‘;i:;ﬁﬁna Source of datal

Cellulose nitrate 0.6 = 2.3 PC
Cellulose acatata- 2.0 ~ 11,0 PC
Cellulose acctate butyrate 1.6 - 2,1 P
Vinyl acctate VA-2, unfilled 1.16 NEBS
b5 percont agbostinc, § percont eluminum, powdored 1.15 HBS.
hH percent agbestine, 25 percent zine dush 81 ¥BS

Styrone 0,00 = 0'.05{ PC & EBS
Methyl methacrylate 0.4 ~ 0.5 PC
| Phenol~formaldehyde, unfilled 0.1 - 0.2 PC
| Urea~formaldehyde 1.0 ~ 3.0 PC
IHalamino—fomaldehyde 1.0 - 1.7 PC

BGE

“Determined in accordsnce with mothod No. JOFL of Fodoral Spoc. L-P-l0Ga.
bPC ~ Plastics proportics chart 1n 1944 Plastics datalog.
'EBS -~ National Buremu of Standards.

e
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TABLE 6. THERMAL EXPANGIVITY AND SOFTENING RaNGE OF UNFILLED PLASTICS WITH AND WITHOUT PLASTICIZFRS.
Spe;i'?en _—W%?———TY%MS i oUn Ez;ha;ﬂgity nggz::tﬁfe
: % 3 -50° to 0°C Tan
1075/0¢ °
1 CN-1 80 8U-17 20 55.0 28-40
2 CR=2 93.75 TPP 6.25 79.2 40-61
3 do. 80 8M-17 20 73.6~T4.1 25-37
Yy Same as 3 but dried at 5000 for 32 hrP 55.1 hz.Lg
5 Same as 3 but dried at 50°C for 48 hr 53.2 47-54
6 ON-2 &5 BMe17 15 64.0 35-40
7 do. 90 do. 10 94,1 Lol
8 do. 95 do. 5 g9.L 4552
9 ON-3 80 do, 20 93,2~ 37-42
10 Vi~1 a8 received 75.3¢ 23-30
11 Vi1 bak;d 16 bhr at 105°0 4.0 30-32
12 Vi-2 28 received g0.2-82.2¢ 15-20
13 Vi-2 ba.ke';d 16 hr at 105%0 74.3-76.32 28.34
il VA-3 a8 :E:eceived { 78.7 17-23
15 VA-3 baked 16 hr at 105°C 72.5 30-35
16 ] 66.6 55=-82
17 P8 dissolved in ethyl acetate, eir dried,
end baked 16 hr at 105°C 76.5 55-67
18 PS 95 DEP 5 70.1 55~-72
19 M2 71.48 97-100
20 M-3 thin semple 9i.8® 70=-79
a1 03 thiéker sample 95.1% 67-78
22 PP-2 38.8-39.6%
23 ur 43,88
L ur ha,.58

®he plastios are identified and more fully described in table 1.

b.ul other samples of cellulose nitrate were air dried and then dried for 16 hr at 50°C.
°Sa.mplea about three years old.
d‘ﬂea.surements on speolmens from different batohes.
®For rangs of temperatures 20° to 50°0.

Trne lower expansivity represents a longer curing period.

E3amples cured without solvents at 3000F.s



TABLE 7. THERMAL EXPANSIVITY, SOFTENING TEMPREATURE HANGE, AND BRSISTANCE Tu EXPOJURE AT LOW TEMPERATHRE
: OF COMPOSITIONS CONTAIMING 50% VINYL ACETALE RESIM Vi-2 gnd 504 FILLER

raA *ON NI YOVN

Coefficlient of
Linear Thermal
Density® | Amount by | Wo. of Cold- Expansiop, Softening

Speclmen : of Volume Werm Cyocles -hH0™ tg 00 Range
Number Pigment Pigment (%) befors Failure (10-°/00) (°c)
1 Lead oxide, Ted 9.0 11.7 2 gE.l 2328
2 Zinc dust Z.l 14,3 - .5 28-30
E Lead, white 7 15.1 10-30 62.1 2832
Zinc oxide (round) 5.57 17.7 > 56.9 2333

2 Zino yellow (chromate) 3.53 2h.3 2 56.8 —rm—
Ferric oxide 5.15 18.8 I-30 1.0 33-35
7 Portland cement - - E:zo .1 18-23
8 ,|Bilioa, powdered (300 mesh) 2.66 31.0 20 4s.6 20-27
9 Titenium oxide (anatase) 3.9 234 >30 45.5 35-38

10 Bronze, powdered 8.6 12.1 - Ig,.2 —
11 Zinc oxide (aciovlar) 5.57 17.2 >30 I5.2 31—E7b
12 Carbon, Micronex 2.25 3. >30 39.5 3a-hp
1 Aluminum, powdered 2.7 30.6 30 38.1 2530
1 Quartz, fused, powdered 2,14 35.4 - 371.5 23-28
1 Aebestine FT 2.25 31.6 - 3z.o 32-35

1 China clay 2. 3.4 - 36.7 37-
17 Asbestine 3X 2.58 1.6 >130 35.7 33-37
18 Asbestine 3X° 2.58 1.6 >30 33'5 2%.28
19 Asbeatine OG 2.5¢ 31.6 - .8 37-40
20 Asbestine 5I 2.58 31.6 >30 31.5 37-l0
21 Asbestine HX 2.58 3L.6 - 30.8 33-37
Vinyl Acetate AYAFY 1-2 74.3-76.3 28-3d

Aluminum 2-S ' : ! 2L.6-21.7 —

8. Data obteined from - Gardner, Henry A.: Physiocal and Chemioal Examinatlion of Palnte,
Varnishes, Lecquers end Colors, Ninth Edition, May 1939, and

Hﬁdbook of Chemistry and Physios, Twenty-Fourth Edition, 1940-
1 1. -

b. Transition to rubhexllke materiasl.
o. Bpacimen prepared from different ba.i:ch of ingredisnts.
d. Meterlal bsked 16 hours at 105°0 to remoxs volatile impurities.




TABLE S, PROFFRIIXG OF FILLEXD YINYL ACKTATE RESLN OONPOBYTIONC.

¥ BURNBERRRBHBER SRR FhhEBoawowmsunwe E

SEIEFRIEESYERIR

—Goxmong biop 1-:_
SN — Falex ME.EI% Expaneivhsy Softening Oold-Yarm -
T ERGHNT -?ﬂ tp 040 Cyolss bafors "
| Swme (%) __fype [TH) Typa %) 10-"/00) o8 Lailured Besazks o
;f-'-.lv. hrg pitarieay ?fnng- R ¥ 3 g.’s % 2730 i
A ’ondu, Tuaod 2 2 15-25 . Gomposition not baked b
8 %0 20 62.1 30 6 Oosposition baked
do. .l,l'belﬂ.aa l"l 2.1
g:. g p Ashenting 5X ég N gi %
EOF |moeE 5 TR '
%. % ' i g 5 11 » % 1o
:;' gd (lans !%:::1.0 Al gk ';EE >3.$ foult %o Y
::. l‘mn.'puﬂ.uud 200 mash E 20-9052.3 7328 2t Fillar partlolss coroentratea
» ! ( ) E - ?30 » in portion naxy to metal
do. Iron, powdered oa::‘bowﬂl. D a. % > .
. Si1ica, powds: .
2. ‘ZI% B}.ﬁmn o.mﬁi 80 mesh ;g 55.5 ;E 3P Filisr particles conoeptratsd
b in poxtion next %o metal
::. % gﬁj{m mbiae. 220 mash g ﬁi a% .; b g:
. o0u Oerblde - .
da. %inn yollo . Egzg
:ﬁ' Eg (h:‘bon,? gin:mu pmumun: 30 _efg “,E 30 DEfioult :: apply
do. 2.5 do. do. .75 ﬁ; 721’ y do.
do. Anbestine I Asbortina OO a »
3.?‘ 2.6 ﬂ.mdmu, zed ﬁ.\dnm oxide 3 36.% ;;_— ; ; B
. bastine minne, powdared . S
. . . &. f
:3, 23 5: % i g. E ;g.i ]]g ¢ m-dnﬁ; ogntained 3.5% scstona
do. do. . . Aredri week
o, 4o do. 5 do- 2 2_:.7 10-13 »30 mﬂmo:i ¥ E:i sggxu-d baked for
do. o do. . 55 &0, 5 2.1 P8-30 Oant specimen, baked 16 hr at 210504
to remove solvent
. 0 4o, 65 b, 5 20, 35-42
80, ) g do. do, # 10 14.5
do. fo. E n 13.
do, : do. Lino dwmt A ) 0.5 28
d. 80 do E Eino dust B 25 £0,8-20.9 25-25
o, 20 do do. 2.4 za-ho
do. %0 Asbeniing ﬁi Alwnimes, powdarad 2.9 B
do, E.s 7 & Iino dust A % .0
da. do. [ 21.9 .
do. 20 do. dney B 21.8-23.5 .
do. 4 fo. zino dnsk O . g:s
do.: 22.7 do. N Zino yellow W1 .8 B
g:-' , , .| Bromzs, uw-dud llmh popdored }g iz-: ;3R »30
w3 ssbostine FT ig.s 2640
do, Ashonting a.
do. -8 Asbantine 73.5 Alrwd ey, powderad 2 20,0-20,2 ]
da. 4o Asbestine 3X Bh . 5.8

8. Mixtursy weore spplied with bDagt and pressure onlass ctharwise indicated.
b. Applied with solventa.

o. Oradusl txanaition %507 to %0°%0.

d. Trasitlon T3° 0 2790,

a. Transition 5° to 15° G,

f.  Transition 10° w0 RO%0.

e
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TABLL 9. THERMAL EXPANSIVITY, SOFTENING TEMPERATURE, RANOK, AND RESISTANCE TO EXPOSURE AT LOW TEMPERATURE OF FILLED POLYSTYRKNL GOMPOSITIONS.
Oogtpoaition
Spo0inen Po.ﬁ;o’;m"t :f . " Mdltpig::ii_ lxpmiﬂogg Softening wﬁld—:aafm
o ne | %1 o | - as Bafore
Tumbar (;'T 8 Apount (%] 1%‘37"0) R%ng Fallure™ Remarks
1 2 Asbestine 3X ™ ) 23.3 300
2 50 do, 50 A 30°
3 &7, Altminom, powdered 2 Asbeatina 3X . 60- —_
73 7 Plu:i.ol.‘::e; DEP ?.5 353 &
b 50 da. 50 7.1
5 70 Asbestine 3 30 5.2 7288 1 Oonditioned in desicoated
atmosphare.
6 70 da. 30 k5.4 Gonditionsd et 50% relative
. humidity.
7 56 Alusdnm, powdored 25 Alunimm oxids 46.9 53-57 30t
. Plastiolrer D:Blr '
g 66.5 Afbestine 3x 30 Plasticirer DEP 3.5 52.8
9 100 | 76.5° | 1

h.

Q.

8.

~

Materials applied to alumioua alley 348-RY witn neat and pressure. 1n other teats, refarred
to in footnotes b %o &, inolusive, the following solvents were used to apply the
materials t0 Duralumint
Bolvent A: Ethyl acetats 90, tutyl aceiate 130, xylens 90, tolusne 130 parts.
folvent Bt Ethyl acetate.
Mnterial withsiood 15 to 30 oyolas when epplied with solvent A.

Material withstood 4 to 30 oyoles when zpplied with solvemnt B.
and & to0 12 oyoles when .applied with solvent A.

Material withstood 1 to 30 oyoles when applied with molvent B.
Btyrens dissolvoed in sthyl acetate, baked 16 hours at 105°0 to Temove solvent.

fE




TABLE 10, THEBMAL EXPANBIVITY, BOFTENING THMPERLTURT EARGE., AKD RESIGTANCE TO EXPOSURL AT LOW TINPERATURE OF FILLED OFLLULOBE KITRATE COMPOSITIORS,

‘ON WL YOYN

agg

Oopposition
Amovnt of |
Bmu Oallvloge Nitrate CN-2 Filler
,_Nuxmber (%) 1 e ]
1 ha.6 bextine 3X .5
2 60.0 Aluminum, powdsred, 25.0
3 61.0 do. £0.0
First dstermination
I
Heaond determination
Third determination
Fourth dstermination
5 Yalentines Kitro-Valepar

tlonal
lar or Flast
Tyos

Plasticizer TEP
Plastiolmr X 17

Muninms oxide
Plastioizer TP

Oold-Warm
1T l:panniﬁogr Softening | Cyolem
[ 3 -—?0° 20 Q Befors
30-8/9¢) a Fadlu BemArks.
2.8 N.5 k2 to &7 Pigment olumped.
15.0 LT} 30 %0 38 |¥alled be-
fora tast.
o
’ . to Oonditioned at
537 30854 >0 relative h-u-:di%s'?
50.5 Fot Ostexrmined, Deglocated atmosphers
oondi tioning.
52.2 do. Qonditioned 44 hours mt
1004 relative humidity.
. ao. Oonditioned ) wesk at
21 100% reg.a.t.ivu Tnnddd £y,
k9.4 w28 to -1 Initinl reamred
’ st <17 PO,

8. Temperature remge -70° %o -30°0.

82
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TIONE J1I. ACCEIERATED TNATEERIEG TR8T OF FATRING COMPOSTTIONS APPLIED TO ALUMINUM ALLOY, 348-RT,

— Compoxition
AT tEonal .
nllex Filler or Pigsticizar
J3neciran Imown® W

T w2l W Al poedsred Beparatad fron metal efter 117 hes light, 24 hee fog.

z do. . 532 Satistaotory; scmé ahalking. !

E éo. %-6 da. 20 Slusizom oxide 5.4 Hnﬂg Iy

z z: % da. = % loosa after ﬁ hre ight, 3% hre fog; mo further demage.

do. Eroose, powlsred i3 aotory;

E :- ; Iron -:padmd (oarhonyl) %g amdmnﬂ

3 a. | &= Losd oxide, red ; Pitted atter 79 hes Light, 4# hra fog: sdhewion setiefmotory
» do. keadl, white g Satisfactory
g :: E—S Coxbonm, WlcToMEx ?6 Plesticisor 36 2.5. ::
1 o | % Milcon carbide FF 0 31::

(- M itttz daoride .
15 oF E’D y g Alogimm oxide IE Oompletoly separnted affer 154 hrs 1ight, 30 hxs fog.
Plasticizer DBP

16 do. g lﬂ!ﬂﬂnlb k2 4 % wl’nﬂly soparated afior 156 hre ﬂ:::' n 505.

i) - - ssparated

h | ;;! 50 . Plestioizer OX-17 20 Apnlied with lolrm:gr b. 1ate:red eftar 79 h.'u 11 t. 18 hl‘i fog; bedly

disoplored; n:gun.tion eftorlh6 hrs light,

1 do. 3 Alwnisms, poularsd 25 Plasticisor TPP I k7 Applisd with molven oompletsly mepereted after 99 h:l.'l 1.'|.ght 2l hre fog.

a. Umspositions woxs applisd to the wmeinl with heat ani prsssure unless otherwise indionted.
B. The solvent mixiture was ad follows: Aoetons 30. mathyl ethyl kotomo 32, diacokons nlochol 8 parts.

os




TABLE 12, ADWESION OF FAIRING QCaPUSITIONS TO ALUNINUM ALLOY 248-RT DURING VIBRATION AT ALTERNATE LOW AMD ROCM TRMPERATURES,
hn&w
— 111.-‘111.mn‘,t m@:d. Composition b:.":.;i of
1 Ti-2 Resin 't Pa a 1} on
P "rf (%) 1vpe (%) (;) 7an batore Fallure® Otservetione Begarding Adhesion ‘
1 50 Asbestine 5X 50 L] Oellosolve . 1 Coating pacling; not completsly dry.
2 g0 do, 50 0 Gallosolye 67
Msthyl mcoiate 3 do.
3 50 do. 50 0 Osllosolvs
Ethyl acetate 33 2 do.
[ 50 do, 50 0 Aodtons 1to5 Oozxner d at start.
do. 15 Collosolve i Bepaxation center; pseling.
E E’g do. g? 1 Hame a8 2 1 Coating psaling,
1 50 do. g 1§ Some 88 3 >10 Longer drying time ther R,
8 50 do. ? 1 Cellosolve 67
lostone 33 10
9 ho do, 55 5 Bemo a8 3
» Longer drying time than 3
10 ko do. 56 5 Ethyl nostate
11 4o do. 55 5 ! Methyl acetate ?
12 %0 do. 55 5 Acstons :
X Bron wisred 65 0 Beme as L
1 % ket % 0 Smmo as g ’ 2 Coxner laode.
‘:Il.z 25 da. a Sems a8 2 10
35 da. 65 o Oellozplve 510 Dried several weeks.
17 50 do. 35 Lg Bemo o 3 510
18 50 do. g5 L Banzens g
19 50 do. 5 15 Oslloaslve Pl Dried mavorzl weeks.
20 5o dn. 35 15 Some a5 & 10
21 Bostix X - Applied withowh prims ocat L
a2z Rostik X - Applied over zinc chrompte primesr g’b
>
3 Tuf-~0n lo. l:I.! ;b
L 2% Tuf-0n '°-J15 ?b

b.

8trips of 0.018 inoh alumipum alloy coated with fairing compogition wara vibrated as cantilever

boums at & rate of 1600 r. p. m. and an
1 honr and =~86° to 3690 for ons hour constituted a oyole.

twie af 3 degrasa.

Asplitude incrosasd to’'5 degrees after 5 cyoles at 3 dagraes.

Yibrgtion at 3%° to 6600 for

"OR R1 YDVX

868
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TAELY, 13, ADSEIION OF FAIRING COMPOSITIONS TO ALUKINUM ALLOY DURIMNG 4CORLEIRATED WLLTHERING TEST, INCLUNING EYFCSORE T0 —300C.
HSolids Oomposition Liquid Composition ueed for Au‘pl!.ua.f:l.o:na
pociman Plastlo Fillox Mller ox Plastigirar ] Obaervations
- Type Al;nnt Type Angunt Type h:unt fBolvent Parts regarding adhesion
1 VA2 K0 Aebestine 5X 50 Avotona Ahored throughous tast,
do. do. daatone 90
» » Cellagplve 10 do.
3 do. 25 do. ™ Oallosoive 67
Nethyl anointo 33 do.
5 do. ko do. 55 | Aluwinom, powdsred 5 Aostoria do.
5 do. W0 do, dao. Yethyl agotata do,
& do. Bo ao. do. Acstono 90
Calloaolye 10 do.
7 do. Lo do. do. Aostone g
Gellosolve do.
8 do. BO do, do. Ethyl acetmte z;
Osllonolve do.
] dp. U40 4o, do. Yurious; applied aver eins
chromats primar do.
1 do. Zine oxids, moionlar Aostons 90
- ’ » Uollokolyed 10 do.
1 do. 0 4 xide und, Acstons 90
7 Fine oxifde, o - Gsllomolval io do.
12 h2:] k7.5 ashsstins IX 25 Plestiolnexr DBP 2.5 Xihyl acetata Ldge ssparatsd after 36 hr
Alumimm, powlezed = 1ight, 6 hr freezing, 12
) hr. fog.
5 (45} Q. Mowinos wdarsd, 2 Plestiolxer TFP k7 Aoetona ko Edpge separakod aftar 19 hr
3 703 > PO 4 Nethyl sthyl kstams 32 Ilght, 3 he Treszing, 6 hy
Disocotona alsohal 8 fog; oo-glata ae; tlon
witer 17 light, 17 hr
freosing, hr fog.,
b1 8 -2 60 do. ] Plaajlolizer BU-17 b1 Aoetons ko Xdge loose after 72 hx lighy
> > Mothyl ethyl ketone 32 9 hr frescing, 18 hr fog.
Daostong aloohol 8
1 atik 1ied with spatuln; nd prime Edge looss after 13 hr light
4 Bguent A'gg“ e 3 nr Ireexing, 6 hr fog.
w356
. dopllsd over sino chrosate Sorfaoa graoks efier G4 hr
* * ¢ prisor 11ght, & hr fressing, 16
\ hr fog.
if~0m ¥o prims coat Mbosion good; chalking
o :::.12 prt eftar 54 hr light, 7 br
freaxtng, M hr fog.
Ho ocont Adhesion good; challking
S prime ifter 890 Jight, 11z

freexing, P2 hr fog.

B0ogtings drisd &% least 10 days bafore start of
weathoring west, ©

bhmxu- safy st atart of woathering test be-

osuses of rovalned Callosolve.

2968 2N NI YO¥K
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TABLY 14, ADHTSION OF PAXRING COMPOSITIONS TO .LUKINUM WLLOY OURING ACOELIRATID REATAERIUG, IECLUDING EXPOSURE TO~769C.

9

%
it i lopa) T3
kil | T to |
M |5 ] 55 | Ausimm,powdemd §
k| 5x %5 . 5
¥ |5z | 55 do. 5
ho 5x ] do. B
-] 5% ] do. 0
15 i a0, 10
k.5 | 5z B.5 do. B
.5 .5 do. 2
15 [ | B Gypem® 0
Bx | T5 0. w
sx | 60 do. 20
s | & da. BO
5.8 |3 | n4| xne dome LN
25.8 | 3x .4 0. b8
W x| 55 d. 25
0 x| % . 25
2.7 [ 3x 6,8 | %inc yellow 9.1
®.7 |3x | &2 &, 9.2
[Yalontines Nitro-Yalapar
Aosa Tlaxing Putty

Liquid Uupgd.uon Tsod

Acetona

Aostone
Ethar

Etsher
lath:io Gellosolve
Fthar

Nothy: GeTisanlve

Jostone

Joatione
Ethar

Manstone
Rthar
Asatone
Aoetono

Aesatona
Kthar

oM

atlon ut odps slisr
t, & hr fog, 2 hr rresce.

tion at edge Afbar
Mght, 20 hr fog, 10 hr froame,

Passod,

358
13 )

2
"

Edge looms afisr LT hr 13 (33
£oE, 3 hr fresso. Ll

Craokad, and oownlstaly sepaxated
after 2 hr fog, 1 hx froeze.

Epmmmm@h:n@t.
hr fog, 7 hr freose.

Blight saparation nt adge afbtex
}J.Bhrlint, 12 hy fresge, B hr
08,

8sparated aftor 116 hr light
l’.:pg 105,5% Br Iresse. S

Dewp orack observed at end of test.

o weohanieslly) after 28 hr
1ighs, h(u fog, 2 n,rfuu.

Passed

Oommex Br 14,
32 hr fog, ﬂtg :!:t:n%ﬂ e

&,

edga oraok after B hr fog,

Blight
frasze.

1hnr
Paspod

mltu\l after 22 hr 1ight,
fog, 2 froess.

Oracied after B hr light 6“’“&{
Zh:tm:gslaonl.ftu hr Light)
hr fog, & bx tm:z: broken off
:ftu' B0 2T light, hr fog, B hx

rOBXE .

xdgs loosa, oracked sfser
16 hr 1ight, 4 wr fog, 2 hr freess,
soparaked arser 17 hr light

hr fretcs; orsoked after
g1 tx fof, 7 br freess;

hr ligat, Uk
mm#dﬁ;:msofrmt.

0.

91lght meparakion after 69 hr
1ighs, ¥ he fog, B hr frsars;
feilure propgronsively woras.

Blighd separation efter 69 nr
ng&l. 1A hr fag, 7 br freesa.

Paosad

aaparated aftar 68 hr 1ight,
br fog, 7 e freare,

Pasnpd
Dusp orack obsarved at end of
oat.

Pasinpd

meparntod after 2 hr fog,

Kdgn
1 br freoxs.

Orsokad and fad afpom
#6 hr light, 18 hr fog, 9 hr
fresxs; removod primer.

looss after 2 hr fog, 1 br

frasme; wspara¥lon more pro-
aounoed after hr 1ight,
22 hr fog, 1L fresss.

Tlexibility | Dryloug Time
at Room for Banding
turs {hr) Yorkeility |
Goot, Approx. Ph Fair
o, . 81ightly gwming]
[ ]
o, > o Falr §
2
do. > dp. b
Foar Blightly Grannlar ©
vristle, sy ]
an, 2 do.
Good Bllgh;ly sols Taixr
do. do. do.
Poox B Lompy
vrittle,
do. 2 do.
Falr Blightly maft Good.
3 %0 A1/2
do. mﬁ;ly mft o,
Fair to 11 Baft rair
A R e Y
e Berd in B Good
Fair gL mott dao,
PRy
do. Hoed 4in do,
1 %o 1-1/2
do. Jpprox. M 0.
do. a0, da,
do. a0, da.
Poor 2 0.
ve1tade.

8. Ovwmeroinl gypsum, Do$ hydegtad; hydrasion takos plaas on expeNurs.




TABLE 15.~ DENSITY OF FAIRING COMPOSITIONS BY WATER DISPFLACEMENT METHOD

Commposition Type of semple Dengity
Acmo glagzing putty Cast 2.9 - 3.3
Bosbik M-356 Cagpt 1.
Tuf-On No. 12 Cant 2.0
Tof-On ¥o. 15 Cast 2.0
Valentinos Fitro-Valspar Cast 2.7 ~ 2.8
40 porcont vinyl scetate VA-2 Moldod 1.8
65 percont asbestine Cast 1.0 - 1.4
b percont aluminum, powdered _
20 percont vinyl acotnte VA-2 Molded 2.4
55 porcont agbegtino Cast 2.0

25 percont zinc dush

*ON NI VOVK
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PARIX 16. DATA FOR YARIOUB PLASTIOR AND FILYERS FOR UBE 1N RQUATION II IF COUPOUNPING FATRING CONFOSITIONE TU ORTAIN DESIRED EXPANOIVITY.
o
L 5 Nempuradl 5
4, Magsured 0 2 Hatl.ng of Filler,
Matexlal (10~7/%) binn®) | (1078/%) | (acbwyae®) | gra = 1° Dosoription of Pigmemt Pertioles
Va-P 75.35: 1. ;
Vi 72, a.
g 76.54 1.56%F
Almitum, powdered n.7po 4.0 %O 100 Fino leaf pigment.
Altovm, f1lings n.7 k.0, n 2. gg Irrogular size.
Brongs, 1 os- 2.1 16.9 1. on. Leaf piguent) particles aze larger thmn those of alminmm powler,
Carbon, Mlorome:x ];J-d 1 2.65 1. 7o Vary fine; irrsgular.
Iron, powlsred (oszbonyl «9 '1 .1 0.3 % Vory fine uniform spherioel pertioles.
i::ou, Z“dni;id 200 meah 11.9"' 1 0. Izreguler shapas; random partiols |1z;s.
gnesivm allioetet AsL 3 rendom iole Sizes.
et fazad | eovet olas peslfar smn peticl
an’ ] . . . .
Asbestine ) ?B—-é.gh g.%%
Asbestine {average . »
Querte, fussd, a3 2.4 7 " 1. Vary fine 1mf;'tu partioles; random particla sixe.
B!.l:l.oa;-gnii o6 43 ;..g 9.¥ 3. %00 Neah and I ﬁ’immﬂ.u narticls sire.
Zino . . . rregular allipso sphores.
Zizo yellow 25.67 1. Yory fine rownd particles.
. There not otherwise indicated, expmnaivities 1y 40 the tesparature range - %0 0°0.
b.- Onloulsted from walu‘buttta:p(lrl. and &l{iul {4) an frow In‘tcmt?gza:l. Oritioal Tablaas.

o. Osioulsted by the use of squation II with dxta from tebles 6 and 2.

4, mmliﬂ.ty nepsursd by mathors. Velue for VA~Z ia averags for three hLatohan.

e, culnted by squation II from dats for mixtures of resin snd elmimm powdsr 1in tables 6 ma &,

I, Caloulated by squationTIfromdnts for mlxtures of resin and Asbestino in tables 6 and 8.

g. Mamsursd on a sp3cimen oY polystyrons P whilch was Aissolvsd in athyi mostats and then baked for 16 hr nt 105"0 to removs solvent.
B, Galovlated by equaiton IT From data for mixtures of Vi-2 mnd filler in tebles § and 8. )

1. Istiumbed for nrla;fﬂlﬂinz bronzs, QW.M Zn, .014 Pv, .0P% Pe.

. Data repoxtod in stxy and Fhyuios K. .

K. Qalovlated by sguation IT from data for 50-50 wixtures of Vi-2 and filler, vaing cosffiolant of thermzl sxpamsion given in aclwm 2.
1. Kesazured for ovpld-rolled stsel for ismporaturs range - ta 0%0.

w. Dats reported in ¥.B.3. Solentific Peper ¥a. 5%




PABLE 17. OCOMPARIBON OF OALOULATED VALUES WITH MEASURED EXPANSIVITIRS OF YHREE COMPONENT WIXTDRES.

Bpeoinen

Eﬂs\éuqmm#wmpg

17
18

BERBEREBBEBBS Y &S

B
-]

Oomposition
[ Type Emount i}]ﬂ:

Asbestine 5X 35

do. 55

do. 65

do. ™

do. 6o

do. b5

do. b5
Asbestine 3X 65

do. 75

do. 50

ao. 55

do. 55

do. £3.2
Bronxe, powdered 35

do, %0
Asbeptine 5X 55
Asbestine ¥FT 73.5
Asbagtine 3X 6h

¥y ]

0
Lxpansivity, ~50 to 0°C
(10°6/98

] Amovmt {5} Onloniafed | Weasured
Aluninue powdered 15 33.1 to 35.5 36.0
4o, 5 25.8 %o P8.9 | 27.7 to 24.1
do. 5 21.5 to 23.2 20.3
do. 0 14.9 to 17.1 1.4
Zine duet A 20 17.5 to 20.1 20,5
40, £5 1%5.4% to 2.1 | 2O.& to P0.9
do. 35 20.8 to 23.3 22k
Aluminum, powdered 5 28.9 to 30.2 27.9
Zino dust A 5 19.8 to 21.% 21.0
#ino dust B 30 19.7 o0 22.0 21.h
#ino dust B 25 21.1 %o 23.7 | 21.9 to 23.5
%ino dust C 25 21.1 %o 23.7 21.6
Zing yellow 9.1 20.0 to 2.6 21.%
Aluminu, powdsred 15 ha ko b
do. 15 35.0 36.1
do. 5 27,6 to 28.8 29.8
do. 2 21.0 to 22.6 | 20.0 to £0.2
do. 5 30,5 to 31.9 29.8
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Fig.

NACA TN No. 3858
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NACA TN No. 958 Flg.
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Expansivity, 10°6/ec

NACA TN No.S58

e e Php e

Al A e

(RN

T

-

SRENE NN

-~

Percent by Weight of Resin

Figure 3



Fig. 4

NACA TN No. 958
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Fig. 5
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